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Abstract  This study aimed to assess the microbiological quality of ready-to-eat salads (Aerobic Colony Count,  
E. coli, yeasts and moulds, S. aureus, Salmonella spp., L. monocytogenes, C. perfringens) and the effect of 
temperature abuse on the microbial count. Ready-to-eat salads samples were produced and commercialized in Italy 
and sampled, from January 2017 to January 2018, both at different steps of the production process in an industry  
(n = 300) and in different supermarkets (n = 270). The pathogenic foodborne microorganisms Salmonella spp., 
Listeria monocytogenes, S. aureus and Clostridium spp. were not detected and only 2.98% of the 570 samples were 
contaminated by E. coli, a good hygiene indicator of fecal contamination. Ready-to-eat salads samples from the 
industry were less contaminated, both in percentage and concentration, than the supermarket ones, particularly due 
to high Aerobic Colony Count values: on the day of collection, 80% samples from the industry were satisfactory, 
opposed to 8.3% from the retailers; at the end of shelf life, 20% samples from the industry were unsatisfactory, 
opposed to 80% from the retailers. Although washing salads before consumption is not effective to eliminate 
pathogens internalized within the plant’s tissues, our results showed that it was useful in reducing the 
microbiological load, especially E. coli count. This study revealed that high microbial content in retail ready-to-eat 
salads samples was principally due to microbial multiplication occurring during storage and transportation from 
industry to retailers and then at home. More frequent monitoring of storage and transport temperatures would be 
necessary to ensure the required hygienic quality, as well as it should be clear the writing on the packaging that 
“products must be kept at a maximum temperature of 8°C”.  
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1. Introduction 
Over the last few years the per-capita consumption 
trend of ready-to-eat salads (RTES) has been characterized 
by an increase in Europe, particularly in Italy [1]. RTES 
offer many advantages because they satisfy the need to 
time saving and the importance to eat food with very good 
nutritional properties. They are trimmed, washed, dried 
and packed in bags or plastic containers (often in a 
modified atmosphere) [2] that must be stored at 
refrigeration temperatures lower than 8°C [3,4] and they 
are not exposed to further processing before consumption. 
Plants, growing in the soil, are normally colonized on 
their phyllosphere by a variety of bacteria, largely 
belonging to Enterobacteriaceae and Pseudomonadaceae 
families [5,6]. Bacteria can infiltrate plants tissue via roots 
and stomata (natural apertures) or through wounds or cut 
surfaces [7,8,9,10], and in these ways circumvent the 
antimicrobial effect of surface treatments [11,12]. Recent 
outbreaks of food poisoning have been associated with 
consumption of salads contaminated by Yersinia 
enterocolitica [13], Salmonella [14], Listeria monocytogenes 
[15,16] and E. coli O157: H7 [17] and evidence suggests 
that such outbreaks are increasing [18]. Furthermore, 
RTES seem to be involved in the spread of bacteria 
carrying acquired antibiotic resistance genes [19]. 
The number and type of microorganisms contaminating 
salads are not predictable nor standardized: it depends on 
various physicochemical environmental factors as well as 
on the characteristics of the phyllosphere [10], meaning that 
different leaves of the same plant can differ considerably 
in terms of microbial content. Microorganisms, including 
yeasts and moulds, can contaminate vegetables both 
before harvesting, through various vehicles such as 
manure and irrigation water, and in each RTES production 
phase: harvest, transport, processing and distribution of 
the product [20].  
Many reports have described the contamination of 
RTES by Escherichia coli, coliforms, total aerobic and 
spoilage bacteria (Aerobic Colony Count, ACC), yeasts 
and moulds [21-27], and the most reported microbial 
contamination ranged between 2 and 9 Log10 CFU g-1 for 
ACC, between 2 and 8.8 Log10 CFU g-1 for coliforms, 
between 2.9 and 6.5 Log10 CFU g-1 for yeasts and above 
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5.8 Log10 CFU g-1 for moulds. E. coli and other pathogens 
such as Salmonella, Listeria monocytogenes and E. coli 
O157: H7 have occasionally been detected, and when 
present they were in low concentration.  
To determine if each production stage is being 
controlled, it is therefore very important to respect hygienic 
Good Manufacturing Practices (GMPs) and to perform 
microbiological analysis at each Critical Control Point 
(CCP) identified in the “Hazard Analysis and Critical 
Control Point” (HACCP) plan. HACCP is a systematic 
and preventive approach used for the identification, 
assessment and control of biological, chemical and 
physical hazards in the food processing chain, from the 
raw material sourcing to final consumption [28]. It 
provides an effective way to advance food quality and 
safety, focusing on preventing hazards and improving 
processes [29]. The effectiveness of HACCP depends on 
the correct application of its principles combined with 
other programs, including GMPs, that are the basic 
operational and environmental conditions required to 
produce safe foods. They ensure that ingredients, products 
and packaging materials are handled safely and that  
food products are processed in a suitable environment, 
necessary conditions for the prevention of potential 
contamination and cross-contamination of food [30]. 
To decrease the microbial content in salads, leaves must 
be washed during the production phases with chlorinated 
potable water conforming to the Italian Legislative  
Decree n. 31 [31] and to the European Directive 98/83 
[32]. Furthermore, the machinery used must be sanitized 
daily, since the cutting operation is one of the Critical 
Points of the industrial process of RTES production. 
Cutting causes an increase of respiratory activity and 
metabolic reactions, furthermore the release of leaves 
cellular fluids from the damaged tissues provides a 
nutrient-rich medium and an ideal substrate for the growth 
of microorganisms. Bacteria can penetrate the tissues 
through the cut surfaces, that are hydrophobic, so it 
becomes difficult to reach the microorganism during the 
subsequent washing phases [12,23]. Microbial multiplication 
after the cutting operation depends mainly on the time 
between cutting and washing and on the temperature of 
processing: short time and low temperatures inhibit 
bacterial multiplication [33]. 
Commission Regulation No 2073/2005 on microbiological 
criteria for foodstuffs [34] and Regulation No 852/2004 
[35] on the hygiene of foodstuffs have been issued in 
Europe in order to limit foodborne diseases. In particular, 
Regulation No 2073/2005 lays down food safety and 
process hygiene criteria for specific combinations of 
foodstuffs and microorganism, their toxins or metabolites, 
while Regulation No 852/2004 requires retailers to adopt 
hygiene measures and to put in place, implement and 
maintain a permanent procedure based on HACCP 
principles. The fourth principle of HACCP shows the 
importance of the identification and application of control 
measures and monitoring the CCP identified in each phase 
of food preparation procedures, with the aim to reduce or 
remove bio-hazards. One of the main CCPs, identified in 
almost all the industry flow charts, is the food storage at 
temperatures lower than 8°C or, otherwise, as low  
as possible compatibly with the necessary presence  
 
of operators during food handling, conservation in 
refrigerators and transportation phases. Cold-chain 
compliance is, in fact, fundamental to limit microbial 
multiplication in perishable foods [11,36] and temperature 
control has a key role in preventing the multiplication of 
mesophilic pathogens. Since vegetables are perishable 
foods and good substrates for the proliferation of 
microorganisms, especially after cutting, it is clear that the 
cold-chain must be maintained: the processing stage  
must be <14°C, transport and preservation temperature 
should not exceed 8°C [4]. Conservation post-sales  
is usually a condition underestimated [37] and it becomes 
a Critical Point that cannot be easily monitored since  
it depends on the consumers awareness of food 
conservation. 
The objective of this manuscript was to evaluate the 
microbiological quality and the impact of temperature 
abuse to microbiological quality of ready-to-eat salads 
distributed in Central Italy, and to assess if the household 
washing before consumption can reduce the microbial 
content.  
2. Materials and Methods 
2.1. Sample Collection 
The samples were collected from an industry and 
different supermarkets in Central Italy from January 2017 
to January 2018. A total of 570 samples of RTE mixed 
salad were analyzed: 300 belonging to the examined 
industry [60 samples of raw material cleansed of  
non-edible parts, 60 of mixed salad leaves after the second 
washing phase and 60 after the fifth one, 60 samples  
of packaged ready-to-eat salads and 60 of packaged  
ready-to-eat salads at the end of the shelf life (ESL)] and 
270 bagged RTES collected from different supermarkets 
[90 were analyzed as such, 90 were washed before the 
analysis and 90 were examined at the end of their shelf 
life]. 
The samples from the industry were collected at 15 
different times, four samples for each of the five  
stages analysed (total of 20 samples per day of  
collection) with the aim of following the entire process 
flow.  
The samples from the supermarkets were collected at 
15 different times, for a total of 18 bags per day of 
collection all belonging to the same batch, and then 
splitted randomly into the three different groups of 
analysis (as such, washed and at the end of shelf life). 
Two hundred grams of each sample were collected 
aseptically from the examined industry, put in sterile 
polyethylene carrier bags, transported to the laboratory in 
refrigerated bags (about 4°C) and analyzed on the day of 
collection. In Figure 1 the stages of ready-to-eat salads 
production of the industry involved in the study are 
presented. 
Samples from retailers were brought to the laboratory in 
refrigerated bags (about 4°C) and preserved at room 
temperature for 30 minutes before the analysis (some were 
performed on the day of collection, others at the end of 
shelf life, i.e. 7 days after the sampling) to mimic the 
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temperature environmental abuse during transportation 
home of buyers. 
2.2. Microbiological Analysis 
Samples (25 g) were blended for 60 s in 225 mL of  
0.1% (w/v) Buffered Peptone Water. Decimal dilutions 
were carried out using the same diluent and were used to 
inoculate agar media (all from Thermo Scientific - Oxoid 
Ltd., Hampshire, UK) in agreement with specific standard 
methods for ACC [38], E. coli [39], yeasts and moulds 
[40], Pseudomonas spp. [41]. Staphylococcus aureus 
count was obtained in conformity with UNI EN ISO  
6888-1 [42], and the identification of suspected colonies 
was performed through Api Staph (bioMérieux Italia Spa, 
Florence, Italy). Salmonella detection was performed in 
conformity with ISO 6579-1 [43]. Listeria spp. strains 
were isolated in accordance to UNI EN ISO 11290-1 [44] 
and characterized through Gram stain, haemolysis test on 
Columbia blood agar, catalase production (Bactident 
Catalase Merk) and at last API Listeria kit (bioMérieux 
Italia Spa, Florence, Italy). Clostridium perfringens and 
other Clostridium Sulphite-Reducing bacteria were 
detected following ISO 15213 [45].  
For the interpretation of results (Table 1), the 
microbiological limits mentioned in the Commission 
Regulation n. 1441 [46], amending Commission 
Regulation n. 2073 [34] in Europe on ready-to-eat 
vegetables within the period of maximum shelf life, and 
the reference standard values proposed in Guidelines of 
Health Protection Agency [47] and in the Italian 
Guidelines of Ce.I.R.S.A. [48] were used. 
2.3. Temperature and Free Chlorine 
Measurement in the Industrial 
Production 
Temperature of 6 CCPs was determined (HI 92810, 
Hanna Instruments) three time each: environmental 
temperature was measured at the centre of the room,  
while water temperature of the five washing tanks was 
measured at the centre of the tank, at the end of the 
washing process.  
Water used in the five washing tanks (Figure 1) was 
treated with hypochlorite (8 ppm), final concentration near 
1.5 mg L-1, to reduce the microbial concentration of the 
salad. Free chlorine detection was determined (Chlorine 
pocket colorimeter, Hach) in 7 water CCPs: tap water at 
the entrance of the establishment, after chlorination and 
before each of the five washing tanks. 
2.4. Statistical Analysis 
Microbial counts were analyzed in log scale (Log10 
CFU g-1), attributing one to observations where no 
colonies were obtained at any dilution (limit of detection 
is 10 CFU g-1). The effectiveness of the washing phases 
was calculated using the logarithmic reduction rate 
between the various steps of production. Differences were 
considered statistically significant when P-values were 
lower than 0.05. All statistical calculations were 
performed using Epi Info 3.5.1. 2008. 
 
Figure 1. Process flow diagram for the production of ready-to-eat salads 
in the industry involved in the study 
Table 1. Microbiological limits for certain pathogens and indicator microorganisms in ready-to-eat salads 
Microorganism Result (CFU/g) Method Normative References 
 Satisfactory Borderline Unsatisfactory   
Aerobic Colony Count <5x105 5x105 - <5x107 ≥5x107 UNI EN ISO 4833-1, 2013 Ce.I.R.S.A. (2013) 
E. coli ≤102 102 - <103 ≥103 ISO 16649-2, 2001 E.C. n. 1441 (2007) 
Yeast and Moulds <104 104 - ≤106 >106 ISO 21527-2, 2008 Ce.I.R.S.A. (2013) 
S. aureus <20 20 - ≤104 >104 UNI EN ISO 6888-1, 2004 Health Prot. Ag. (2009) 
Salmonella spp. not detected in 25 g - detected in 25 g ISO 6579, 2002 E.C. n. 1441 (2007) 
L. monocytogenes <10 10 - ≤102 >102 UNI EN ISO 11290-1, 2005 Health Prot. Ag. (2009) 
C. perfringens <10 10 - ≤104 >104 ISO 15213, 2003 Health Prot. Ag. (2009) 
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3. Results 
3.1. Temperature and Free Chlorine 
Detection 
Environmental temperatures measurements ranged from 
11 to 12°C (mean 11.5±0.81°C). The water in the washing 
tanks had temperatures ranging from 9.3 to 12 °C. The 
mean temperature of the first and fifth tanks (9.4±0.91°C 
and 10.5±1.27 °C respectively) were slightly lower than 
the others, probably due to the presence of refrigerated 
bubbling air which had the purpose of moving the salad 
leaves and favor the detachment of bacteria. 
The concentration of free chlorine detected in the five 
tanks gave quite similar results (mean=0.8 mg L-1, 
SD=0.17 mg L-1). 
3.2. Microbiological analysis, samples 
collected from the industry 
Figure 2 shows the means and standard deviations (SD) 
of the microbial counts for ACC, Pseudomonadaceae, and 
yeasts and moulds of the analyzed samples. 
 
Figure 2. Microbial Counts of the ready-to-eat salads (RTES) at various 
steps of production. Data represents the mean of 60 replicates and their 
standard deviations. ACC, Aerobic Colony Count 
In raw material the ACC ranged from 6.3 to 6.7 Log10 
CFU g-1 with a mean of 6.5 Log10 CFU g-1, yeasts and 
moulds ranged from 1.8 to 4.2 Log10 CFU g-1 with a mean 
of 3.6 Log10 CFU g-1, and Pseudomonas spp. ranged from 
4.4 to 5.4 Log10 CFU g-1 with a mean of 5.2 Log10 CFU g1. 
The five washing phases caused a gradual loss of 
microbial load, similar for ACC, yeasts and moulds  
and Pseudomonas spp. (Figure 2 and Table 2). Total 
logarithmic reduction of microbial count during the entire 
production process of RTES (RM-RTES in Table 2) was 
greater than 1 Log10 CFU g-1 for all the three groups 
considered. The pathogens S. aureus, Salmonella spp.,  
L. monocytogenes, Clostridium spp. and E. coli were 
never detected. 
3.3. Microbiological Analysis, Samples 
Collected from the Retailers 
The results obtained from the analysis of the 270 samples 
collected in the supermarkets of three Italian Regions were 
not statistically different (P>0.05) and they were grouped. 
The pathogens S. aureus, Clostridium spp., Salmonella 
spp. and L. monocytogenes were never isolated in all the 
samples collected from the retailers.  
Figure 3 shows that the ACC and yeasts and moulds 
mean values of the 90 unwashed RTES samples were 
slightly higher (7,1 Log10 CFU g-1 and 5,6 Log10 CFU g-1 
respectively) than the 90 washed samples (7 Log10 CFU g-1 
and 4.65 Log10 CFU g-1 respectively). The 90 samples 
analyzed at the end of the shelf life had 7.3 Log10 CFU g-1 
as ACC mean value and 5.6 Log10 CFU g-1 as yeasts and 
moulds mean value. These results are really similar to the 
ones found in the not washed RTES ones. Results for 
Pseudomonas spp. count revealed that there were no 
relevant differences (P>0.05) among RTES, RTES 
washed and RTES-ESL samples. Differences (P<0.05) 
were only observed for E. coli, which was present only in 
17 (6.3%) samples of the 270 total RTES, and never in the 
washed samples. 
 
Figure 3. Microbiological quality of ready-to-eat salads (RTES) 
collected from the retailers. Data represents the mean of 90 replicates and 
their standard deviations. ACC, Aerobic Colony Count 
3.4. Hygiene Indicators Results 
The results obtained for ACC, yeasts and moulds and  
E. coli at the end of the production process (RTES) and at 
the end of the shelf life (RTES ESL) were used to evaluate 
the hygienic status of the production environment and 
processing conditions. Figure 4 shows that 80% and 20% 
of RTES belonging to the industry and analyzed on the 
day of collection were overall (TOTAL) satisfactory and 
acceptable, respectively. These percentages became 80% 
acceptable and 20% unsatisfactory in RTES ESL, prevalently 
due to ACC increment during conservation for 7 days at 
about 4°C. 
Table 2. Microbial logarithmic reduction/increase during the production phases of ready-to-eat salads 
 RM -2nd W 2nd W – 5th W 5th W - RTES RM - RTES RTES - ESL 
Aerobic Colony Count -0.79 -0.22 -0.25 -1.27 +1.53 
Yeasts and Moulds -0.38 -0.63 -0.84 -1.85 +0.04 
Pseudomonas spp. -0.75 -0.18 -0.31 -1.25 +1.22 
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Figure 4. Results of hygiene indicator tests of the salads collected from the investigated industry and the retailers on the day of collection (RTES), and 
at the end of the shelf life (RTES ESL). Results obtained using microbiological limits of Table 1. ACC, Aerobic Colony Count; y. + m., yeasts and 
moulds 
Low percentages of the samples collected from the retailers 
were overall judged as satisfactory (8.3% of RTES unwashed, 
15% of RTES washed and 10% of RTES-ESL in TOTAL 
columns), the percentage of unsatisfactory samples at the 
end of shelf life was indeed very high (80%). 
4. Discussion 
Since fresh produce have been associated with 4,2% of 
total foodborne outbreaks in the European Union [18] and 
14.8% of illness outbreaks that accounted for 22.8% of all 
foodborne illnesses in the US [33], this research was 
conducted with the objective of evaluating microbiological 
quality of RTES and of understanding the factors that can 
influence microbial quality of fresh produce.  
As required by the EU “food safety criteria” at the 
market place [46], the pathogenic foodborne microorganisms 
Salmonella and L. monocytogenes were not detected in the 
analyzed samples, in accordance with the Brandao et al. 
study [3], as other bacteria such as S. aureus and 
Clostridium spp. These results were in contrast with other 
European studies where these bacteria were found, 
although at low levels [49,50,51]. Yeasts and moulds are 
widely distributed in the environment and can enter foods 
through inadequately sanitized equipment or as airborne 
contaminants. Due to their ability to produce toxic or 
allergenic substances, moulds are especially considered to 
be a health hazard for the consumers [26]. Therefore, they 
should be taken into account and added to the sampling 
plans of the general hygiene monitoring. During the 
production process yeasts and moulds count gradually 
decreased and it remained almost the same during 
refrigeration at about 4°C for 7 days, probably due to their 
reduced capacity to grow at low temperatures, differently 
from ACC and Pseudomonas spp. which, at the end of the 
shelf life, reached similar contamination levels of raw 
material. From results shown in Figure 2, it is possible to 
assume that main ACC count is due to Pseudomonas 
population. The progressive reduction of the microbial 
content observed during the processing phases was 
probably due to the mechanical action of the water flow, 
which removed the microorganisms. Moreover, the 
microbial reduction could be due to the low environmental 
and washing water temperatures, which did not permit 
multiplication, and to the five washing phases with 
chlorinated water, that inactivated the microorganisms. 
Nevertheless, residual chlorine concentrations were 
probably too low to obtain a great microbial decrease 
[52,53,54]: free chlorine detected values were similar to 
those found in potable water, being 0.5 mg L-1 [55], so it 
would be helpful the use of higher chlorine concentrations 
[56] or the introduction of different and efficacious water 
disinfection strategies [57]. RTES samples belonging to 
the industry were less contaminated both in percentage 
and in concentration than the supermarket ones, in which 
microbial multiplication was probably permitted during 
transportation and preservation [58,59]. During the entire 
production process of RTES (RM-RTES in Table 2), total 
logarithmic reduction of microbial count was greater than 
1 Log10 CFU g-1 for all microorganisms considered. From 
these results, together with the absence of other bacteria 
such as S. aureus and E. coli, it is possible to hypothesize 
the correct application of Good Agricultural Practices 
(GAP) and the compliance of the personnel with the GMP 
during the different production phases of the industry 
involved in the study.  
RTES collected from the retailers were analyzed after 
temperature abuse to mimic consumers behavior. Yeasts 
and moulds were found in concentrations higher than 2 
Log10 CFU g-1, as reported in other studies [26,49].  
The pathogen E. coli is part of the Enterobacteriaceae 
family, it is a good hygiene indicator and his presence in 
foods can be indicative of fecal contamination, and so of 
the potential presence of enteric pathogens. Unsatisfactory 
results can indicate that the process should be revised 
because of a potential failure, such as cross-contamination, 
inadequate cleaning and sanitization, poor temperature 
and time control. Out of the 570 samples, only 17 (2.98%) 
were contaminated by this bacterium, demonstrating 
adequate hygienic practices [60] and adequate methods of 
cultivation and irrigation in field; as described previously, 
indeed, quality of irrigation water and type of irrigation 
system influence the microbial safety of fresh produce 
[61]. Thirteen of the 17 E. coli positive samples exceeded 
the maximum admitted of 102 CFU g-1 [46] for ready-to-eat 
vegetables. In other studies, the occurrence of E. coli was 
much higher, ranging from 26% to 32.9% [19,50,62].  
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The worse microbiological quality of RTES collected 
from the retailers was probably due to the temperature 
abuse occurring not only during their transportation home, 
but also from the production sites to wholesalers, and 
subsequently to retailers, as well as their exposure in 
refrigerated counters. These considerations could explain 
the different microbial load of ESL samples collected in 
the industry compared to the ones collected from the 
retailers.  
This study shows that most RTES collected from the 
retailers near production date and analyzed on the day of 
collection presented overall high percentages of unsatisfactory 
(56.7%) or acceptable (35.0%) microbiological quality; 
these bad results in term of too high microbial 
contamination support the importance of temperature in 
influencing microbial growth [50]. 
During storage occurs a quick increment of the 
microbial load, so it is fundamental to obtain products at 
the end of the production chain with as low as possible 
microbial content. To achieve this result, it is also 
important to monitor the washing procedures, since 
different factors can affect the effectiveness of chlorine 
washing disinfection, such as the chlorine concentration, 
the pH, the organic material load, the temperature and the 
contact time. 
Furthermore, to obtain RTES of good quality, it is very 
important that the microbial load in the raw material be 
low, even if it can be further lowered by industrial 
washing procedures. Therefore, the following GMPs and 
continuous control of CCPs in all production processes are 
of great importance.  
Finally, although washing salads before consumption is 
not effective to eliminate pathogens internalized within 
the plant’s tissues [11], bacteriological analysis showed 
that it was useful in reducing their microbiological load, 
especially E. coli count. Unlike the other microorganisms, 
E. coli concentration in the unwashed RTES was not very 
high, being 2,4 Log10 CFU g-1, and its microbial decrease 
could probably due to the removal efficiency of free 
chlorine. Owoseni et al. [56] reported that a free chlorine 
concentration of 0.5 mg/L was able to reduce E. coli 
bacterial concentration within a range of 3.88-6.0 log, 
even if at higher doses a more marked reduction in the 
viability of E. coli isolates was achieved. 
5. Conclusions 
Ready-to-eat salads are convenience foods consumed 
by millions of people either at home or in schools and 
university canteens, hospitals and care homes for elderly. 
During their life, people can be susceptible of infections 
due to their immune system state, and they would expect 
to ingest a healthy kind of aliment with RTES. Current 
study revealed that high microbial content of RTES 
analyzed were mainly caused by microbial multiplication 
which occurred during storage and transport from the 
producer onwards, till home transport, and not by high 
microbial concentration in just-packed RTES. Hence, 
more frequent monitoring of storage and transport 
temperatures would be necessary to ensure the necessary 
hygienic quality of this kind of “convenience food”.  
To increase the awareness of the risk of microbial 
growth in consumers, it would also be helpful to write 
clearly on the packaging that the product should be kept at 
refrigeration temperatures lower than 8°C until use. 
Furthermore, in Italy on the packaging of ready salad it is 
written “already washed, ready for consumption” 
providing an indication of total safety of the product 
which does not always correspond to reality, as shown in 
this study. Keeping salads at low temperature, together 
with rinsing them before their consumption, will ensure 
most safety for consumers especially for people such as 
elderly, children and those with immune deficiencies. 
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